High-resolution B-mode ultrasonography has been widely used for the noninvasive assessment of atherosclerosis in hemodialysis patients. But, there are two major methods of carotid ultrasonography: one inc luding plaque and the other excluding plaque.
Methods The subjects were 112 hemodialysis patients (58 men and 54 women) with a mean age of 55.8±13.0 years. The maximum intima-media thickness (IMT) of the carotid artery (including plaque) was measured as an index of arterial wall thickening and atheroma formation, while the mean IMT (without plaque) was measured as an index of arterial wall thickening. In addition the value of (maximum-mean) IMT was calculated as an index of atheroma formation. Therefore, the independent risk factors associated with the maximum IMT, mean IMT, and (maximum-mean) IMT We enrolled 112 patients who were on hemodialysis at Harada Hospital (Hiroshima, Japan). All of the patients were clinically stable and had no acute infection.
We excluded patients who had undergone parathyroidectomy.
There were 58 men and 54 women aged from 23 to 83 years, with a mean age of 55.8±13.0 years. The duration of hemodialysis ranged from 2 to 344 months, with a mean of 80.5±75.1 months.
The underlying renal disease was chronic glomerulonephritis in 72 patients, nephrosclerosis in 5 patients, and diabetes mellitus in 35 patients. All patients gave informed consent to participate in this study.
Carotid ultrasonography Ultrasonography of the carotid artery was performed using a high resolution real-time scanner with a 7.5 MHz transducer (SSA-350, Toshiba, Tokyo, Japan). All subjects were examined by a single trained physician, who was blinded with regard to their clinical characteristics.
Examination was performed in the supine position, and the carotid bifurcation as well as the common carotid artery were s canned on both sides.
The maximum IMT value was measured as follows. The carotid artery was scanned in the longitudinal and transverse projections. As defined by Wendelhag et al (6), the site of the most advanced atherosclerotic lesion that showed the greatest distance between the lumen-intima interface and the media-adventitia interface was located in both right and left carotid arteries. When plaque was detected by ultrasonography, it was observed as localized thickening rather than a circumferential change of the vessel wall. The greatest thickness of intima-media complex (including plaque) was used for the maximum IMT value (1, 3).
In addition, measurement of the mean IMT was performed at 0.5, 1, and 2 cm below the carotid bifurcation on each side, and the average value was calculated as the mean IMT (4). These measurements were performed in plaque-free arterial segments. To determine the intraobserver variability of IMT measurement, a total of 30 subjects were examined on two different occasions at an interval of 7 to 14 days. The coefficient of variation was only 2.0% for the maximum IMT value and 2.2% for the mean IMT value.
B lood pressure
After enrollment in the study, 4 predialysis blood pressure readings were obtained from each patient. The mean arterial pressure was calculated as the diastolic blood pressure plus one-third of the difference between the systolic and diastolic blood pressures, and the average of the 4 mean values was determined.
Subjects were classified as hypertensive when their average blood pressure was >114 mmHg or when they were receiving antihypertensive drugs (7).
S moking status
Information on smoking habits was obtained using a selfadministered questionnaire. Cigarette smokers were defined as subjects who were current smokers or who had ceased smoking within 3 months before enrollment in this study (8). The mean IMT showed a positive correlation with the maximum IMT according to Pearson's correlation coefficient analysis (R=0.553, p<0.0001, Fig. 1 ). However, the difference between maximum and mean IMT values showed an increase as the mean IMT became larger.
Among the 112 hemodialysis patients, 28 patients (25.0%) had carotid plaque.
The results obtained by stepwise multiple regression analysis of predictors of the maximum IMT are summarized in Table  2 . The factors associated with the maximum IMT à" -V#s# intima-media thickness. phosphate was seen in the present study, our findings confirmed the other relationships.
In addition, our study showed that the maximumIMT was correlated with diabetes, while the mean IMT was correlated with hypertension, dyslipi- Hypertension is a well-known risk factor for atherosclerosis (7, 10). However, it has previously been reported that there was no correlation between blood pressure and the maximum IMT in hemodialysis patients (1). In the present study, there was also no correlation between the maximum IMT and hypertension, but a positive correlation was detected between the mean IMT and hypertension. These findings suggest that hypertension might contribute to the thickening of the arterial walls rather than to the formation of a theroma in hemodialysis patients.
The plasma lipoprotein profile of hemodialysis patients is (14) and with the aortic pulse wave velocity (15). In our study, there was no correlation between the maximum IMT value and dyslipidemia, while a positive correlation was found between the mean IMT and dyslipidemia.
Accordingly, dyslipidemia might be more closely related to arterial thickening than to atheroma formation in hemodialysis patients. Lipoprotein (a) has been reported to be elevated in hemodialysis patients (16), and recent evidence has suggested that lipoprotein (a) may aggravate atherosclerosis by inhibiting the activation of transforming growth factor-beta (17). It was also previously reported that a significant positive correlation exists between the lipoprotein (a) level and the meanIMT or plaque score in hemodialysis patients (18). In the present study, there was no correlation between the maximum IMT and the lipoprotein (a) level, but there was a positive correlation between the mean IMT value and lipoprotein (a). This suggests that lipoprotein (a) might also be more involved with arterial thickening than with the formation of atheroma in dialysis patients.
A relationship between vascular disease and cigarette smoking has been shown in the general population (19), as well as in hemodialysis patients (1). In the present study, there was no correlation between the mean IMT and smoking, while a positive correlation was found between the maximumIMT and smoking. This suggests that cigarette smoking might contribute to atheroma formation in hemodialysis patients. It has already been shown that diabetes mellitus is a major independent risk factor for atherosclerosis (4, 20) . There was no correlation between the mean IMT and diabetes in the present study, but there was a positive correlation between diabetes and the maximum IMT. Accordingly, the presence of diabetes might contribute to atheroma formation in hemodialysis patients. The present study showed that the intact PTH level was associated with both the maximum and the mean IMT values. It has already been reported that hyperparathyroidism is a major independent risk factor for atherosclerosis in hemo- 
